As an aural mode, an interviewer's voice is an important part of telephone surveys. A speaker's voice can convey information about his or her trustworthiness and confidence, among other attributes. Consequently, respondents may perceive attributes of interviewers from their voices. We evaluated how five perceived attributes of interviewers (expertise, confidence, reliability, trustworthiness, and easiness to understand) are associated with interviewer voice characteristics (pitch, intonation, speech rate, and disfluencies) and whether this varies by types of question and interviewer characteristics. Overall, listeners perceived interviewers' attributes from their voices. Interviewers with higher pitched voices, moderate intonation, a faster pace, and fewer disfluencies were rated more positively, but these ratings differed somewhat for socially undesirable and complex questions. Reading questions at the recommended speech rate of two words per second leads to negative perceptions of interviewers.
Introduction
Survey interviewers' voices convey information to respondents about who they are and whether respondents can trust the interviewer with their information. Although prior research on interviewer voices has examined associations between vocal characteristics, perceived interviewer attributes, and unit nonresponse (e.g., Benkí et al. 2011; Groves et al. 2008; Oksenberg and Cannell 1988) , whether listeners perceive interviewer attributes from their voices as they ask survey questions has not been investigated. Respondents tend to provide higher quality answers to interviewers perceived as being more credible (e.g., trustworthy, expert, reliable, and confident; Hovland et al. 1953 ) and easier to comprehend (Japec 2008) . Furthermore, telephone survey practice typically instructs interviewers to ask questions with proper phrasing and inflection at an average pace of two words per second (wps; Cannell et al. 1981) . This recommendation applies across all types of questions, but whether listeners perceive interviewers' voices similarly across socially desirable, undesirable, complex, and neutral questions has not been investigated. A lack of visual presence of an interviewer in a telephone survey may increase anonymity for respondents, potentially increasing data quality for sensitive questions (Jans 2010) . If respondents perceive an interviewer's personality traits based on their voices, telephone interviews may not provide as much anonymity as expected.
Although acoustic properties affect perceptions of interviewers' voices during survey recruitment (e.g., Benkí et al. 2011) , there are surprisingly few evaluations of acoustic properties of interviewer voices during administration of survey questions. This study extends previous paralinguistic research using voice characteristics to predict subjective evaluations of a speaker's attributes (e.g., Apple et al. 1979) to the asking of different types of survey questions. In particular, we empirically examine whether listeners perceive survey interviewers' attributes of easiness to understand, expertise, confidence, reliability, and trustworthiness from interviewer voice characteristics of pitch, intonation, speech rate, and disfluencies. We evaluate whether perceptions of interviewers' voices vary over interviewers' readings of socially desirable, socially undesirable, complex, and neutral survey questions, as well as for male versus female and experienced versus inexperienced interviewers.
The voice characteristics of pitch, intonation, speech rate, and disfluencies are important contributors to how a listener perceives a speaker's emotions and other attributes (Bänziger et al. 2014) . Highpitched voices are perceived as less truthful, less reliable, less trustworthy, and more confident than lower pitched voices (Apple et al. 1979; Scherer et al. 1973 ; Van der Vaart et al. 2005) . The association between pitch and perceptions of easiness to understand is inconsistent (Broome 2012 ; Van der Vaart et al. 2005) . Intonation refers to a pattern of rising and falling pitch and to the patterns of stress in a language (Oksenberg and Cannell 1988) . Voices with broad variations in pitch are perceived as being less reliable, less trustworthy, more confident, and easier to understand than voices with less variation (Scherer et al. 1973; Van der Vaart et al. 2005) .
Rate of speech is the number of words spoken over the duration of speech (Webb 1969) . Survey interviewers are instructed to speak at a rate of two wps (Cannell et al. 1981) , slower than the speech rate in ordinary conversation (2.5-3.2 wps; Tauroza and Allison 1990) . Rapid speech is perceived as more credible, more trustworthy, and expressing more confidence than slow speech (e.g., Apple et al. 1979; Broome 2012; Oksenberg and Cannell 1988; Smith and Shaffer 1995) . However, faster speech may be harder to understand (Miller et al. 1976) .
Disfluency is the parts of speech that are not words, such as fillers (ums and uhs; Conrad et al. 2008) . Disfluencies can indicate that a speaker lacks confidence and is encountering difficulties (Bortfeld et al. 2001; Conrad et al. 2008; Ehlen et al. 2007 ). Highly disfluent speakers are also judged as less credible, less trustworthy, less easy to understand, and less expert than more fluent speakers (Apple et al. 1979; Ketrow 1990; Miller et al. 1976; Oksenberg and Cannell 1988) .
We hypothesize that listeners will perceive interviewers who read questions with higher pitched voices and with more variable pitch (more intonation) as less reliable, less trustworthy, and more confident than those who read questions with lower pitched voices. Additionally, we expect that pitch will be associated with evaluations of expertise and easiness to understand, although we cannot anticipate a direction. We anticipate that more intonation will help ease of understanding and increase perceptions of expertise. We also expect listeners to perceive interviewers who read questions at a faster rate of speech and with fewer disfluencies as more trustworthy, more reliable, more expert, and more confident. We hypothesize that raters will perceive faster speakers and those who speak with more disfluencies as less understandable.
We anticipate that the effects of voice characteristics on interviewers' attributes may not be linear (e.g., Conrad et al. 2008) . For example, it may be easier to understand a speaker talking at a normal speech rate (around 3 wps) than someone speaking at either slower or faster speech rates. As such, we also examine nonlinear relationships between interviewers' voice characteristics and interviewers' attributes.
Interviewer characteristics such as gender and experience also may affect listeners' perceptions of interviewers' personal attributes. For example, males speak slightly faster than females (Yuan et al. 2006) and more experienced interviewers have shorter interview durations (Olson and Peytchev 2007) . Consequently, female and inexperienced interviewers may be rated as less trustworthy, less reliable, less expert, and less confident but more understandable than male and experienced interviewers. Moreover, gendered stereotypes of voice characteristics indicate that females have higher pitched voices, greater intonation, somewhat slower speech rates, and use fewer fillers than males (Bortfeld et al. 2001; Kent and Read 2002) . Additionally, Benkí et al. (2011) found that male interviewers with less vocal intonation had higher contact rates than male interviewers with more intonation, but the opposite effect occurred for female interviewers. Thus, we expect that voice attributes that deviate from gendered stereotypes may have adverse effects. Different types of questions, such as those that are socially desirable, undesirable, or complex, may also affect how listeners perceive interviewers' voices. For example, because a high level of emotional arousal (e.g., fear and anxiety) is associated with an increase in voice pitch (Bachorowski 1999) , interviewers may read socially undesirable questions with higher pitched voices than they use with other questions, and this may affect listeners' perceptions of attributes such as trustworthiness. Thus, we examine whether there are differences in perceptions across different types of questions. We now describe the data and method for evaluating these questions.
Data and Methods
Data for this study came from the Work and Leisure Today Survey conducted in 2013 by AbtSRBI (American Association of Public Opinion Research RR3 = 6.3%; American Association of Public Opinion Research 2016). It was a landline random-digit dial computer-assisted telephone survey administered by 22 interviewers with 450 completed interviews. To increase the stability of the analyses, interviewers who conducted fewer than 10 interviews were eliminated from the study (Olson and Peytchev 2007) , resulting in 432 interviews conducted by 19 interviewers (nine females and 10 males) for the analysis.
Out of 24 candidate questions representative of the four categories-socially desirable, socially undesirable, complex, and neutral (not complex and not socially desirable or undesirable) in the questionnaire, we selected 12 questions (three from each of the four categories) based on the criteria that questions have sufficient variability in responses. The topics of these questions cover employment status and volunteer work, leisure activities such as exercise and Internet use, and substance use such as drinking alcohol (see Appendix Table  A1 ). However, because of skipped questions, poor-quality voice files (n = 42), and voice files containing interruptions (n = 40), a sample of 4,689 voice files of interviewers reading individual questions were analyzed.
Voice Characteristics
We used Praat, a standard computer program used for linguistic analysis, for speech analysis (Boersma and Weenink 2010) . Pitch and intonation were operationalized as the mean and the standard deviation of pitch over the period that an interviewer first read a survey question, respectively. The number of words spoken while reading a survey question divided by the number of seconds spent reading that question results in the speech rate (number of wps). Moreover, we used the number of fillers, including um, uh, ah, mm, hm, and oh, as the measure of disfluencies. The average interviewer pitch, intonation, speech rate, and number of fillers are 167.6 Hz (SD = 40.0), 41.7 Hz (SD = 19.9), 3.5 wps (SD = 1.0), and 0.2 fillers (SD = 0.5) per voice file, respectively.
Subjective Ratings of Interviewers' Attributes
Six undergraduate students (four males and two females) coded interviewer attributes. Each coder listened to each of the voice files containing the first time an interviewer read each survey question to each respondent and rated five interviewer attributes (interviewers' confidence, easiness to understand, reliability, trustworthiness, and expertise) on seven-point scales from low (1) to high (7) (see Table 1 for full definitions). We averaged the attribute ratings across the six coders.
Analyses
We examined the relationships between the interviewer voice characteristics and the interviewer attributes using two-level multilevel models to account for variation due to questions (i, level 1) and interviewers ( j, level 2; Olson and Peytchev 2007) . We also tested for a significant interviewer variance effect through a base model using a mixture of chi-square distributions (Rabe-Hesketh and Skrondal 2012). In general, we estimate: 
with a random interviewer effect
and residuals e ij * ~ (0, σ 2 ), where:
Rating ij = ratings of confidence, expertise, reliability, trustworthiness, and easiness of understand,
VoiceChar ij = pitch, intonation, speech rate, and number of fillers, grand mean centered, QChar ij = neutral, complex, socially undesirable, and socially desirable questions, and
IChar j = indicator variables for interviewer's gender and experience.
Nonlinear relationships between voice characteristics and rated interviewer attributes may exist (Conrad et al. 2008) , and as such, we also examined the squared terms of pitch, intonation, speech rate, and number of fillers. Interviewers' demographic characteristics are dichotomous variables parameterized as female (= 1, 49%) versus male interviewers (= 0, 51%) and interviewers whose experience is one year or less (= 1, 25%) versus more than one year (= 0, 75%). Neutral questions are the reference group for types of questions.
We conducted all analyses using PROCMIXED with maximum likelihood estimation in SAS (Bell et al. 2013; Hoffman 2015) . Additionally, the ESTIMATE statement in SAS was used to compute the expected rating of interviewer attributes at specific values of the independent variables to facilitate interpretation of nonlinear terms and interaction effects (Kiernan et al. 2011) .
Results
The average ratings of interviewers' confidence, easiness to understand, reliability, trustworthiness, and expertise for each trait are 5.76 (SD = 0.53), 5.90 (SD = 0.49), 5.89 (SD = 0.43), 5.74 (SD = 0.50), and 5.87 (SD = 0.50), respectively. We evaluated reliability across raters using the intraclass correlation coefficient (ICC). Using Munro's (2005) criteria of reliability, there was moderate reliability in confidence (ICC = .60) and expertise (ICC = .63) and low reliability in easiness to understand (ICC = .46), reliability (ICC = .43), and trustworthiness (ICC = .47). Using the average ratings, the chi-square tests for variance across interviewers is significant (p < .01) for all five rated interviewer attributes. That is, interviewers vary significantly in how raters perceive their confidence, reliability, trustworthiness, expertise, and easiness to understand.
Pitch
Pitch has a curvilinear relationship with rated confidence, reliability, trustworthiness, and expertise and has a linear relationship with rated easiness to understand ( Table 2 ; standard errors in Appendix Table A2 ). Consistent with our hypotheses, interviewers who read a question with higher pitched voices are rated as being more confident, easier to understand, and having more expertise, but with a decelerating rate. However, counter to our hypotheses, raters view interviewers with higher pitched voices as more reliable and trustworthy.
Intonation
Intonation has an inverse U-shaped association with all five ratings of interviewer's attributes (Figure 1) . Perceptions of interviewers are highest for moderate intonation (around 60 Hz), compared to lower or higher intonation, and decline notably when interviewers read questions with an intonation higher than 80 Hz, an intonation level observed for 5% of voice files in this study. That is, when interviewers read questions with an intonation higher than the typical range (intonation between 20 and 80 Hz, accounting for 95% of voice files), perceptions of interviewers decrease significantly.
Speech Rate
As expected, listeners rated a fast speech rate as more confident, more reliable, more trustworthy, and more expert compared to a slow speech rate. Additionally, we found an inverse U-shaped relationship 
Fillers
As expected, interviewers who asked questions with more fillers were rated as being less confident, less easy to understand, less reliable, and less trustworthy than those who asked questions with fewer fillers.
Interviewer Voices and Interviewer Demographic Characteristics
Ratings of interviewers do not differ by interviewer experience, but they do vary by interviewer sex. Female interviewers were rated as less confident in asking survey questions than male interviewers; however, the effect is just marginally significant. Additionally, interviewer sex moderates some effects of intonation, speech rate, and fillers on rated attributes of interviewers. The full moderation models are in Appendix Table A4 .
Intonation and Interviewer Sex
Interviewer sex moderates the effects of intonation on rated confidence (female × intonation coefficient = .005, p < .01), rated reliability (female × intonation coefficient = .002, p = .02), rated trustworthiness (female × intonation coefficient = .003, p < .01), and rated expertise (female × intonation coefficient = .003, p < .01; Appendix Table A3). Male interviewers were rated as being more confident, more reliable, and having more expertise than female interviews at low intonation levels, but the opposite was found at high intonation levels (Appendix Figure A1) . Male voices receive the highest expected ratings of confidence, reliability, trustworthiness, and expertise at an intonation of 40 Hz. For female voices, the highest expected ratings of confidence, reliability, trustworthiness, and expertise are at intonations ranging between 60 and 80 Hz. Thus, lower ratings on each trait occur for male voices with high intonation and for female voices with low intonation, consistent with gendered expectations of voices.
Speech Rate and Interviewer Sex
The differences for speech rate on rated easiness to understand and expertise by gender are modest (female × speech rate coefficient = .047, p < .01 for easiness to understand, female × speech rate coefficient = 0.27, p = 0.03 for expertise; Online Table A4 ). As speech rate interests, male interviewers were rated as slightly more expert and easier to understand than female interviewers. However, at a speech rate of 4 and 5 wps, male voices were rated as slightly less easy to understand than female voices.
Filler and Interviewer Sex
The negative effect of fillers on rated trustworthiness was significant only for female interviewers (female × speech rate coefficient = -0.069, p < 0.01). Female interviewers who read questions wither fewer fillers were rated as more trustworthy than those who read questions with more fillers.
Interviewer Voices and Question Characteristics
Ratings of interviewers' attributes vary by question type. Raters judged interviewers reading socially undesirable questions as less confident (coefficient = -.09), less easy to understand (coefficient = -.128), less reliable (coefficient = -.065), less trustworthy (coefficient = -.118), and less expert (coefficient = -.119) than interviewers reading neutral questions (p < .01; Appendix Table A4 ). Furthermore, interviewers reading socially desirable questions were rated as more reliable than those reading neutral questions (coefficient = .035, p = .02; Appendix Table A4 ), but less easy to understand (coefficient = -.051, p < .01; Appendix Table A4 ). Additionally, compared to neutral questions, raters evaluated interviewers as less easy to understand for complex questions (coefficient = -.189, p < .01; Appendix Table A4 ).
In addition to the main effects of question types on rated interviewer attributes, question types moderate the effects of intonation, speech rate, and fillers on rated interviewers' attributes, especially rated confidence and easiness to understand.
Intonation and Question Types
The effect of intonation on rated easiness to understand differs between complex and neutral questions (intonation × complex coefficient = .003, p < .01; Appendix Table A4 ). Neutral questions generally are rated as easier to understand than complex questions, but the difference between the two types of questions decreases as intonation increases.
Speech Rate and Question Types
The effects of speech rate on rated confidence and easiness to understand differ by question type. As speech rate increases, rated confidence increases with decelerating rate; the effect was strongest in socially desirable questions. In contrast, the direction of the effects of speech rate on rated easiness to understand significantly differs by question types. An inverse U-shaped relationship exists for neutral, desirable, and undesirable questions (Figure 2) , with the highest expected rating of easiness to understand at 3 wps for neutral and socially desirable questions and at 4 wps for socially undesirable questions. For complex questions, however, speech rate is positively associated with rated easiness to understand, such that complex questions asked more quickly are rated as easier to understand.
Fillers and Question Types
The negative effect of fillers on rated easiness to understand was stronger in socially undesirable questions than in neutral questions (coefficient = -.136, p < .01; Appendix Table A4 ). Socially undesirable survey questions read with more fillers are rated as less easy to understand than neutral questions.
Discussion
Overall, we found that listeners rated interviewers as having more positive interviewer attributes when interviewers read questions with higher pitched voices, moderate intonation, a speech rate faster than the recommended pace of 2 wps, and fewer fillers. Counter our hypotheses, raters view interviewers with higher pitched voices and higher intonation as more reliable and trustworthy, possibly because low-pitched voices and low-pitch variation are associated with undesirable attributes such as dishonesty and dominance, whereas highpitched voices and high intonation are associated with positive attributes such as friendliness (Boehme 2014). Following gendered stereotypes of voices, perceptions of interviewer attributes from intonation and speech rate vary by interviewer gender. As females have higher intonation and speak more slowly than males (Bortfeld et al. 2001; Kent and Read 2002; Yuan et al. 2006 ), perceptions of interviewer attributes for male interviewers were more positive at lower intonation levels and faster speech rates. In contrast, perceptions of interviewer's attributes for female interviewers were more positive at higher intonation levels.
This study is the first to show that question types moderate how listeners evaluate a question's easiness to understand. Overall, the highest rating of easiness to understand was found when interviewers read questions with a speech rate of 4 wps, especially for complex questions. Counter to common survey practice recommendations (Cannell et al. 1981) , for complex questions, listeners perceived speech faster than 2 wps and with more intonation as easier to understand. Listeners may find it difficult to hold the relevant information about complex questions in working memory when interviewer read questions slowly.
The included variables differ in their explanatory power across the models (Appendix Table A5 ). Although only 4.9% of the interviewerlevel variance in the easiness to understand ratings is explained by the included covariates, between 15.3% (expertise) and 38% (trustworthiness) of the interviewer-related variance is explained for the other ratings. At the question level, the included covariates explain about 10% of the variance for all ratings except for easiness to understand, where 30.5% of the question-level variance is explained. Furthermore, speech rate has the largest explanatory value of the question-level variance across the perceptions of interviewers (Appendix Table A3 ). Thus, interviewer voice characteristics explain more variability across questions in how easy they are to understand but more variability across interviewers in how the interviewers themselves are perceived for the other characteristics.
This study has limitations. Undergraduate coders may not represent perceptions of interviewers at large. Listeners at different age cohorts judge voices based on different criteria; young people use different standards for those who are from their generation than older adults (Ketrow 1990 ). Thus, perceptions of interviewers by older adults may vary somewhat, especially for the effects of fast speech on perceptions and overall perceptions of easiness to understand, where older adults may have more difficulty understanding speech than younger adults (e.g., Gordon-Salant et al. 2007 ). We also could not directly study variability across coders because only six undergraduate coders were used here, although the average of raters' evaluations tends to be quite reliable (Olson 2010) . With only two female coders, it is not possible in these data to evaluate gender differences in perceptions of interviewer voices; future research should examine how different attributes of coders affect perceptions of interviewers. The study is also limited to a single set of interviewers in one geographic area, and we did not measure the interviewer's accent, a vocal feature also shown to affect perceptions of speakers (e.g., Bradac and Wisegarver 1984) .
Ultimately, perceptions of interviewer voices matter if the perceptions also affect data quality. For instance, respondents may provide better data to interviewers who they perceive as more credible or easier to understand (Japec 2008) . Thus, the negative perceptions of interviewers with more vocal intonation or more speech fillers may result in lower data quality from those interviewers. Additionally, interviewers who speak quickly and are difficult to understand may connote to respondents that it is not necessary to take time to give accurate and complete answers, also lowering data quality. It may be that the modest effects of some of the vocal characteristics observed here on perceptions have only limited effects on data quality. Future research will examine how actual and perceived voice characteristics affect answers to these survey questions.
Results in this study suggest that survey organizations should instruct interviewers to read questions with a speech rate faster than 2 wps (especially for complex questions) to be perceived more positively. This is notably different from the recommendation to read survey questions at a pace of two wps (Cannell et al. 1981) . Slightly faster question reading also may reduce survey interview length, potentially lowering survey costs.
Declaration -The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article. They disclosed receipt of the following financial support and thank the National Science Foundation (NSF SES-1356985 and NSF SES-1132015) for supporting this study.
Supplemental material follows the References. 
